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Genetic diversity of rhizobia nodulating Trifolium
ambiguum in North America

P. Seguin, P.H. Graham, C.C. Sheaffer, N.J. Ehlke, and M.P. Russelle

Abstract: Kura clover {Trifolium ambiguumM.B.) is a persistent rhizomatous forage legume, whose use in the U.S.A.

is limited by establishment difficulties in part attributable to nodulation problems. In this study, soil was collected from
established stands of Kura clover growing in 9 diverse North American environments. Rhizobia were plant-trapped us
ing Kura clover cv. Endura as host, then rhizobia from nodules fingerprinted using BOX-PCR. The diversity of isolates
from North America was then contrasted to that of rhizobia from a single Caucasian environment (Russia), the center
of origin for this species. Populations were characterized using clustering methods, and genetic diversity estimated us
ing the Shannon-Weaver diversity index. The genetic diversity of the North American populations was extremely lim
ited, all isolates being closely related to two of the strains found in a locally available commercial inoculant. In
contrast, Russian isolates formed a distinct cluster with significant internal genetic diversity. Genetic diversity indices
for the North American and Russian populations were 3.5 and 10.76, respectively. The implication of this and other
studies is that Kura clover is highly specific Rhizobiumrequirement. If the performance of this legume in the U.S.A.

is to be improved, either by modifying current establishment practices or plant breeding, it is essential that these stud
ies be paralleled by more collections and evaluation of rhizobia from its center of origin, given the extremely limited
diversity of rhizobia found in North America.

Key words genetic diversity, rhizobia, Kura clover, BOX-PCR.

Résumé: Le trefle Kura {Trifolium ambiguumM.B.) est une légumineuse de fourrage persistente a rhizome, dont

'usage aux Etats-Unis est restreint par des difficultés d’'implantation attribuables en partie & des problémes de nodula-
tion. Dans I'étude présente, de la terre fut prélevée de peuplements établis de tréfle Kura poussant dans neuf environ-
nement nord-américains distincts. Les rhizobiums furent capturés par le cultivar Endura du tréfle Kura en tant qu’hote,
puis les empreintes génétiques des rhizobiums des nodules furent prises par BOX-PCR. La diversité des isolats nord-
américains fut alors contrastée avec celle de rhizobiums provenant d’'un environnement caucasien unique (Russie), le
centre d'origine de cette espece. Les populations furent caractérisées par des méthodes de regroupement et I'indice de
diversité Shannon-Weaver fut employé pour estimer la diversité génétique. La diversité génétique des populations nord-
américaines était extrémement limitée, tous les isolats étant fortement apparentées a deux des souches retrouvées dans
des incoculums commerciaux locaux. En revanche, les isolats russes ont formé un ensemble distinct pourve d’'une di
versité interne appréciable. Les indices de diversité génétique des populations nord-américaines et russes étaient de 3,5
et 10,76, respectivement. La portée de cette constatation et d’autres études est que le trefle Kura serait hautement spé
cifique dans ses besoins &hizobium Si la performance de cette légumineuse aux Etats-Unis doit &tre améliorée, soit

en modifiant les pratiques d’implantation actuelles ou soit par croisement de plants, il est essentiel que ces études
soient mises en paralléle avec d’avantage de prélevements et d’évaluations de rhizobiums provenant de leur centre
d’origine, vu la diversité extrémement limitée des rhizobiums qu’on retrouve en Amérique du Nord.

Mots clés: diversité génétique, rhizobiums, tréfle Kura, BOX-PCR.

[Traduit par la Rédaction]

Kura clover is an exceptionally persistent rhizomatous le New Zealand (Taylor and Smith 1998), but establishment
gume that produces high quality forage. These charaeterigproblems currently limit widespread adoption. While some
tics have generated interest in using this plant in permanerdf this problem is the result of low initial herbage:root ratio,
pastures and for soil conservation in North America andrendering the plant highly susceptible to competition
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(Genrich et al. 1998; Seguin et al. 1999); initial growth maywas used for genomic fingerprinting of pure liquid cultures
also be N-limited due to the low nitrogen fixation achieved of Rhizobium Rhizobial cells were prepared as described by
with the rhizobial strains currently in use (Seguin 2000). Rademaker and De Bruijn (1997), with| 2. of appropriate
Kura clover is highly specific in rhizobial requirement, _ceII culture used in each reaction mix. PCR was carried us
and does not nodulate effectively with rhizobia from othering a PTC-100 Thermocycler (MJ Research, Waltham,
Trifolium species (Parker and Allen 1952). Inoculation isMass.), with the PCR product then stored at —20°C. Agarose
recommended, as few soils outside its center of origin in th@el electrophoresis was performed usinglOof the PCR
Caucasus contain effective indigenous rhizobia (Elliot et alproduct. One Kb ladder (Sigma, St. Louis, Mo.) was used as
1998; Seguin 2000). Even when inoculated, however, Kurgize standard and loaded at least twice per gel. Gels were
clover is likely to have a very low Mfixing ability in the es ~ stained with ethidium bromide and gel images stored as
tablishment year. This is due to a delayed nodulation that of TIFF files using a video camera image system (Fotodyne,
ten makes initial growth N-limited. Seguin (2000) in Hartland, Wis.).
Minnesota, reported a seeding yeay fikation in commer Fingerprint profiles (Fig. 1) were analyzed using Bio
cially inoculated Kura clover of only 17 kg N-ha with Numeric software (v. 1.5, Applied Maths, Kortrijk, Belgium)
25% of N derived from the atmosphere. In New Zealandwith the band positions in each gel normalized relative to
Pryor et al. (1998) reported that a strain isolated locally fromspecific bands in the 1 Kb reference ladder, and with a clear
fields initially inoculated with commercial inoculant, greatly band present in most isolate profiles used as an internal ref
improved the establishment of oversown Kura clover. Theyerence. Similarities between profiles were then calculated
reported individual plant mass 3 times greater 13 months affor bands in the range of 300-1650 bp in length using the
ter seeding when inoculated with this newly isolated UPGMA, unweighted pair group method with arithmetic av
rhizobial strain (ICC148) than with the strain currently usederages, and the data transformed using the principal cempo
in New Zealand (ICC105 = UMR6015). Identification and nent option within the Bionumeric program. Significance of
selection of highly efficient, locally adapted strains, whichthe groups identified were then determined using the
have established in soil after introduction of the inoculatedMANOVA (multivariate analysis of variance) option in
host plant, is therefore possible. This approach has beeBioNumeric. Genetic diversity within groups identified dur-
used successfully with other species (e.g., Santos et ang the MANOVA was determined using the Shannon-
1999), but the chances for success may be limited where thé&/eaver diversity indexH) using the equation:
host is highly specific in itdRRhizobiumrequirements.

To determine whether growth of Kura clover in soils from [1]
different areas of North America can lead to the establish*
ment and persistence of diverse rhizobia, we examined the
rhizobia associated with Kura clover in nine North American\yhere k is the number of band classes, apdis the fre-
soils using BOX-PCR (Rademaker and De Bruijn 1997), ancyyency of isolates in théh class (Goodwin et al. 1992).
compared this to rhizobia obtained from a single soil sample’ gox.pCR fingerprinting successfully discriminated Kura
collected in Russia, the center of origin for this species. cjover rhizobial isolates and strains from reference strains
Description of the environments sampled is presented ibelonging to other rhizobial species (e.@Rhizobium etli
Table 1. Soils were distinguished according to stand age, soR. tropici, and Sinorhizobium melilo}i Kura clover rhizobia
type, and soil fertility status. MPN (Most Probable Number) being more closely related to UMR6906, the type strain for
counts were undertaken using Kura clover as trap host, and. |. bv. trifolii to which Kura clover rhizobia putatively be
according to Somasegaran and Hoben (1994). At each locgongs, than these other species. Relative similarity between
tion, soil was collected from at least 12 areas of establishe®ura clover rhizobia and UMR6906 was, however, low.
Kura clover stands with soil probes used to collect samples Three main groups were identified among Kura clover
down to a depth of 20 cm, discarding the top 2 cm. Kurarhizobial strains and isolates using principal component
clover seeds (cv. Endura) were surface sterilized and planteghalysis (Fig. 2). Grouping was demonstrated by MANOVA
in Leonard jar units (Somasegaran and Hoben 1994). Threg be statistically significantR < 0.05). One group con
days after planting, 10 mL of a 1dilution of soil from  tained all North American isolates and the inoculant strains
each location was applied to each of 20 seedlmgs. PlantgMR6013, UMR6015, and ICC148, while a second group
were then grown for two months as described byincluded all of the Russian isolates. A third, smaller group,
Montealegre et al. (1995). From each set of plants inoculateglontained only four inoculant strains used in North America
with a given soil, 30 nodules were randomly collected and(UMR6014, UMR6019, RP-119-2, and RP-119-4). The ge
surface-sterilized, and individually crushed on yeastnetic diversity as determined by the Shannon-Weaver diver
mannitol (YM) agar plates (Somasegaran and Hoben 19945ty index was significantly lower in the North American
After 5 days of growth, single colonies were transferred togroup than in the Russian one, being of 3.51 and 10.76, re
YM broth, grown for 3 days, then mixed with equal volume spectively. Genetic diversity in the North American popula
of 30% glycerol, and stored at —70°C. The source and detion was extremely low despite the range of environments
scription of reference strains &hizobiumused in this study  sampled. These included a range of soil types and soilfertil
are listed in Table 2. ity levels, and stand ages up to 17 years (Table 1). In other
The BOX-PCR protocol of Rademaker and De Bruijn cases where rhizobia have been introduced as inoculants into
(1997) with BoxAlR (5CTACGGCAAGGCGACGCT areas where they were not indigenous, substantial diversity
GACG-3) (LifeTechnologies, Grand Island, N.Y.) as primer among the nodule population was generated quite rapidly

k
H=-> pixInpi
=1
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Table 1. Description of sites used for isolation of Kura clover rhizobia.

ppm
Site Soil type Stand age years OM %  pH P K MPN  Number of isolates
North America
Storrs, Conn. Sandy loam 17 3.0 6.6 7 75 120 000 5
Lexington, Ky. Silt loam 10 5.6 6.5 200 103 120 000 8
Laurel Creek, Ky. Strip mine spoil 2 2.8 6.4 150 74 919 7
Lexington, Ky. Silt loam 3 29 6.5 100 101 9375 4
St. Paul, Minn. Silt loam 10 5.3 6.4 100 250 240 000 5
New Liskeard, Ont. Clay 6 7.4 7.3 10 144 240 000 8
Arlington, Wis. Silt loam 9 3.6 7.1 20 95 240 000 4
Ashland, Wis. Silty clay loam 3 2.3 6.4 58 187 240 000 8
Marshfield, Wis. Silt loam 5 3.4 7.2 48 107 80 000 4
Russia
Krasnodar, Caucasus hd Native stand 7.3 7.4 13 259 11250 11
"MPN, Most Probable Number of Kura clover rhizobia per gram of soil.
nd, not determined.

Table 2. Description of rhizobial strains used in this study.
Strain Synonym(s) Origin/source Notes
UMR1632 UMRT Rhizobium etli
UMR1899 UMR R. tropici
UMRG6008 UMR Sinorhizobium melilottype strain
UMR6013 162C14 Liphatec Part of Liphatec Kura clover inoculant
UMRG6014 162C11 Liphatec Part of Liphatec Kura clover inoculant
UMR6015 162C13, CC283b, ICC105 Liphatec Part of Liphatec Kura clover inoculant, Inoculant strain used for

hexaploid Kura clover in New Zealand
UMR6019 Liphatec In Liphatec Kura clover inoculant before 1983
UMR6906 TAl UMR R. leguminosarunbv trifolii type strain
ICC148 Ag-Research Superior Kura clover isolate from field in New Zealand

New Zealand

RP-119-2 Urbana Part of Urbana Kura clover inoculant
RP-119-4 Urbana Part of Urbana Kura clover inoculant

TUMR, University of MinnesoteRhizobiumlaboratory.

(e.g., Sullivan et al. 1995). Build-up in diversity in a popula competence or suitability for inoculant use. This was also
tion of rhizobia results from aerial or seed-borne Comam'nareported in similar studies done with other species (e.g.,
tion, ~“mutation, conjugation, and transduction eventsgonzales-Andres and Ortiz 1998). However, greater chance
(Martinez et al. 1990). Clearly, this did not happen with for improvements should come from further isolation and
Kura clover rhizobia, probably because of the extreme specieyauation of rhizobial isolates from the center of origin of

ficity of the host. L this species, given the prevalence of a much greater genetic
All North American Kura clover rhizobial isolates we gjyersity.

studied were closely related to UMR6013 and UMRG6015,

two of the strains found in a locally available commercial

inoculant. Other strains are included in CommerCialAcknowledgements

inoculants but do not appear to compete or persist well in
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Fig. 1. BoxA1R-PCR fingerprinting of Kura clover rhizobial strains and isolates from North America. Lanes 1 to 8, isolates from a 10
year old stand in Lexington, Ky.; lanes 9 and 10, isolates from a 2-year-old stand established on a strip mine spoil in Laurel Creek,
Ky.; lanes 11 to 14, isolates from a 3-year-old stand in Lexington, Ky.; lanes 15 to 20, inoculant strains ICC148, UMR6014,
UMR6013, UMR6015, RP119-2, and RP119-4; lane 21, strain UMR680A. (v. trifolii type strain); lanes 22 to 24, isolates from a

6-year-old stand in New Liskeard, Ont.; lanes 25 to 27, isolates from a 17-year-old stand in Storrs, Conn.; M, 1 Kb molecular weight
marker.
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Fig. 2. Two-dimensional plot of principal component analysis generated from Box-PCR fingerprint profiles of Kura clover rhizobial
strains and isolates from 9 North American and 1 Russian locations. Grouping was statistically significant as verified by MANOVA
(P < 0.05).H = genetic diversity index.
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